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Ice Records on Grand Traverse Bay

Raymond A. Assel, Great Lakes Environmental Research Laboratory

The dates of formation and
loss of ice on lakes and

rivers were of interest in past
centuries in Europe, Asia, and North
America because stable ice cover

provided a platform for transporta-
tion, fishing, and hunting during the
winter months. For these reasons,

records of freeze-up and break-up
have been kept for several centuries at
some bays, rivers, and small inland
lakes. These records are also of
interest to scientists because the
extent and duration of ice cover is a
sensitive indicator of climate and

climate change. Ice cover also affects
biological activity in the waters under
the ice. Records of freeze-up and
break-up dates for Grand Traverse
Bay (which start in 1851) are among
the longest available for the Great
Lakes. Freeze-up is defined to occur
when there is solid ice over West Bay
from its southern shoreline to Power
Island.

There have been significant
changes in the average dates of freeze-
up and break-up from 1851 to 1993.
The average freeze-up date betWeen
1851 and 1888 is February 7, while
betWeen 1889 and 1993 it is Febru-

ary 19, some 12 days later. The
average break-up date betWeen 1865
and 1888 is April 14, betWeen 1889
and 1939 it is April 3, some 11 days
earlier, and betWeen 1940 and 1993
it is March 25, an additional 8 days
earlier. The change in ice event dates
prior to 1900 corresponds to the end
of a cold period in the northern
hemisphere known as the Little Ice
Age, which ended during
the latter half of the 19th century.

The earlier break-up dates in the
20th century correspond to a general
warming that has occurred during
the past 100 years. Air temperature
has been modeled in terms of freeze-

up and break-up dates at Grand
Traverse Bay.The model indicates
that the early-winter period before
aboUt 1890 was approximately 1.50C
cooler than the early-winter period
from 1890 to 1993. The mean

temperatUre of this
latter period, however,
has remained relatively
constant. Changes in
break-up dates demon-
strate a 1.00 C to 1.50
C increase in late

winter and early spring. .
aIr temperatUre smce
1890. The model

implies that the more
recent advance in

average break-up dates
betWeen 1940 and
1993 are associated
with an additional

warming of approxi-
mately 1.2°C in March.
Grand Traverse Bay did
not freeze up in five of
the seven winters after
the winter of 1993, the

last year included in this
study. This lack of
freeze-up is matched by
the winters from 1987
to 1993, and 1986 to

1992 when the bay also
did not freeze up in five
oUt of seven winters. Ice
records indeed can be
reliable indicators of

SnTE OF THE BAY 2000

22~

12-Mar

02-Mar

2O-Feb

1o..Feb

31.Jan

21.Jan

11.Jan

01.Jan

climate and climate change. It will be
interesting to see if the recent high
frequency of ice-free winters on
Grand Traverse Bay is sustained or
perhaps even exceeded over the next
several winters of this new century.
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Figure 7: Grand Traverse Bay Freeze-up dates 1851 to 1993 (dashed

lines are annual dates, thin solid line is 10-year moving average, heall)'
solid line is long-term average, solid circles are yea1'Jwhen the bay did
not freeze up).
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Figure 8: Grand Travme Bay Break-up dates 1851 to 1993 (dashed
lines are annual daw, light solid line is lO-year moving average, heavy
straight line is long term average).





~~ -
The Watershed Center

GRAND TRAVERSE BAY

The State of the Bay Repon is
published by:

The Watershed Center
Grand Traverse Bay
formn-ly Th~ Grand Travm~ Bay Watmh~d Initiativ~

Executive Director

Chris copher Wright

Director of Development
John Hagen

Office Manager
Anne Hansen

Board of Directors

Janet Person, Chairperson
John Nelson, Vice Chairperson
Walt Nielsen, Secretary
Laura Dagwell, Treasurer
John McKinney, Past Chairperson
Troy Broad
Dennis Conanc
Richard Crowe
Karen Howie
Roben Law

Jim Maitland
Julie Mathiesen
Marge McCully
Christine Mitchell

Randy Tucker
Mike Wills

232 East Fronc Screet

Traverse City, MI 49684
231-935-1514

www.gtbay.org

Cover photo of the Grand Traverse Bay at

the tip of Old Mission Peninsula:

@ 2000 Thomas Kachadurian

Printed on recycled stock.

@ 2001 All rights reserved

THE WATERSHED CENTER II GRAND TRAVERSE BAY

Edited by
Christopher Wright, Executive Director
Anne Hansen, Assistant Editor

Contributing Authors
Dennis McCauley, Great Lakes Environmental Center

Christopher Wright, Watershed Center Grand TraverseBay

Bob Kavetsky, United States Fish and Wildlife Service

Nathaniel Ostrom, Michigan State University Department of GeologicalSciences

Sheridan Haack, United States GeologicalSurvey
Doug Fuller, Tip of the Mitt Watershed Council

Tadayasu Uehara, Tohoku Gakuin University,japan

Raymond Assel, Great Lakes Environmental ResearchLaboratory

Josephine M. Clark, Naturalist

John Nickerson, Buckley High School

Thomas M. Kelly, Inland Seas Education Association

Dave Hyndman, Michigan State University Department of GeologicalSciences

Ron Harrison, Benzie County Comervation District

Technical Review Committee

Greg Goudy, Michigan Department of Environmental Quality
Thomas M. Kelly, Inland Seas Education Association

John C. McKinney, Michigan Sea Grant Program

Walt Nielsen, Leelanau Comervancy

Patty O'Donnell, Grand TraverseBand of Ottawa and Chippewa Indiam

Financial Support

Grand Traverse Regional Community Foundation
The Oleson Foundation

Herrington-Fitch Family Foundation

Michigan Great Lakes Protection Fund

Michigan Coastal Management Program

Design and Layout
Lindy LazarMarketing Communications, LLC

Printing

Mead Paper Corporation (donated paper stock)
Johnson Clark Primers, Inc.

Image Arts, Inc.

The Hchnical Review Committee reviewed this reportfor purposes ofproviding general information.

The findings and conclusions in the report do not necessarily reflect the views .ofparrners, contribu-
tors, or sponsoring organizations.

STA:rE OF THE BAY 2000



THE WATERSHED CENTER II GRAND TRAVERSE BAY

Table of Contents

Articles

Summary 4
Grand Traverse Bay Warer Qualiry and Nearshore Habirars 0 5
GIS Mapping and Analysis of Scormwarer ro Grand Traverse Bay 8
Conrriburing co Biodiversiry in rhe Grand Traverse Bay Warershed 9
The Response ofNurrienr Cycling in Grand Traverse Bay co Climare Change 10
Recrearional Warer Qualiry in Grand Traverse Bay and irs Warershed 12
Eurasian Warer Milfoil in rhe Elk River Chain of Lakes 0 14
Seiches in Grand Traverse Bay 16
Ice Records on Grand Traverse Bay 18
The Lirroral Zone of Grand Traverse Bay 19
Moniroring Plarre River Warer Qualiry . 20
Aliens Invade Grand Traverse Bay 0 22
Simularing Groundwarer Flow in me Grand Traverse Bay Warershed 24
Mapping Aquaric Weed Beds in Grand Traverse Bay 0 ; 26
References and Acknowledgmenrs .28

Figures and Tables
Figure 1 Grand Traverse Bay Warer Qualiry Moniroring Sires 4
Figure 2 Temperarure and Chlorophyll Levels for Moniroring

Sire GT3 in 1997 and 1998 11

Theorerical Seiche wirhin a Recrangular Basin 16
Daily Maximum and Minimum Warer Level Change 17
ar Grear Lakes Maririme Academy Dock
Three Possible Configurarions of rhe Seiches in Grand Traverse Bay 17
Frequency Disrriburion of Seiche Periods ar Grear Lakes
Maririme Academy Dock (May 1999 -December 1999) 17
Grand Traverse Bay Freeze-up Dares 1851 co 1993 18
Grand Traverse Bay Break-up Dares 1851 co 1993 18
Simulared Warer Table Elevarion 25

Warershed Glacial Sedimenr Thickness Map .25
Weed Bed Locarions 1991 ...26
Weed Bed Locarions 1998 ...26

Toral Phosphorus Concenrrarion (~II) in me Open Warers
of Grand Traverse Bay ...6
Toral Phosphorus, E. coli, and EnterococcusLevels in Urban
Triburaries and Selecred Scormdrains co Grand Traverse Bay 8
Numbers of Escherichiacoli (E. colz)Bacreria ar Selecred Sires 13
Plarre River Macroinverrebrare River Qualiry Index 1999-2000 20

Figure 3
Figure 4

Figure 5
Figure6

Figure7
Figure8
Figure9
Figure 10
Figure 11
Figure 12
Table 1

Table2

Table3
Table4

o Indicares rhar addirional informarion is conrained on [he enclosed CD ROM.

STATE Of THE BAY 2000


